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reported using staples instead of a bone block for epiphysiodesis, which could be removed once the leg lengths were equal. However, staples had a high incidence of hardware failure and were difficult to remove. Percutaneous epiphysiodesis was reported by Bowen and Johnson 4 in 1984, which involved ablating the medial and lateral one-third of the growth plate. They reported good results; however, the technique was irreversible, and some patients had failure resulting in angular deformity. 4, 5 Percutaneous epiphysiodesis using transphyseal screws was reported by Metaizeau et al 6 in 1998; however, their technique has had complication rates as high as 18%, usually involving angular deformity and difficulty with hardware removal. 7 Guided growth has been used for epiphysiodesis since 2004, with the first case performed by the senior author (P.M.S.). The purpose of the current study was to evaluate the efficaciousness and complication rate of guided growth for patients with moderate leg-length discrepancies.
Materials and Methods
After obtaining institutional review board approval, the databases of all pediatric orthopedic surgeons at Primary Children's Medical Center, Salt Lake City, Utah, were queried for cases involving epiphysiodesis. One hundred five patients were initially identified between October 2004 and December 2010. Inclusion criteria were patients who underwent guided growth of the femur, tibia, or both for a leg-length discrepancy of less than 5 cm; had adequate radiographs; had no knee or ankle contractures; had undergone no concomitant lengthening or shortening procedures; had undergone only 1 epiphysiodesis procedure (although they may have previously undergone hemiepiphysiodesis); had no significant angular deformity prior to treatment that recurred during treatment; and were followed to maturity or plate removal. No formal calculation of growth remaining and discrepancy at maturity was performed for each patient.
The authors estimated the patient's growth remaining and final discrepancy with the use of a radiograph of the hand and standardized charts for growth per year in the proximal tibia (6 mm per year) and distal femur (10 mm per year). 8 The decision for surgery was based on the current and predicted leg-length discrepancy in the hope of decreasing the discrepancy.
Because the guided growth technique is reversible and slows but does not halt growth, this technique can be started at any time. Surgeons can remove the plates once the discrepancy is corrected. Thirtyfour patients met the inclusion criteria. Collected data points included age, sex, diagnosis, epiphysiodesis site (femur, tibia, or both), whether the patient had previously undergone hemiepiphysiodesis, the preoperative leg-length discrepancy clinically and radiographically, the leg-length discrepancy at maturity or screw removal, and the mechanical axis pre-and postoperatively.
Pre-and postoperative leg-length discrepancies were determined by measuring standing long-leg radiographs at 72 inches. Five percent magnification was assumed. 9 Three measurements were made to determine the leg-length discrepancy. First, the authors measured from the top of the femoral head to the center of the ankle (leg-length height). Second, the authors drew a horizontal line from the top of the femoral head of the long side and measured vertically down from this line to the top of the femoral head on the short side (femoral head height). Third, the authors drew a horizontal line from the top of the pelvis on the longer side and measured vertically down from this line to the top of the pelvis on the shorter side (iliac crest height). If a shoe lift was used, its width was added to the discrepancy. To classify leg-length discrepancies according to the mechanical axis zone, a fourth measurement was made of the mechanical axis from the center of the femoral head to the center of the ankle. Zone 1 included the center of the knee to the halfway point between the medial or lateral edge of the tibia, zone 2 included that line to the edge of tibia, and zone 3 was outside the edge of the tibia.
Patients had varying diagnoses. Nine patients had a developmental leg-length discrepancy, whereas 25 had a congenital leg-length discrepancy. The 5 most common diagnoses were clubfoot (n55), trauma (n55), developmental dysplasia of the hip (n54), idiopathic (n54), and Legg-Calve-Perthes disease (n54) ( Table  1) . Sixteen girls and 18 boys with an average age of 12.5 years (range, 7-16 years) were included. Ten patients had guided growth of the proximal tibia, 17 of the distal femur, and 7 of the distal femur and proximal tibia. Four patients underwent epiphysiodesis after the correction of angular deformity. Twenty-six of 34 patients were followed to maturity. Average follow-up was 28 months (range, 11-54 months). The age of maturity could not be calculated exactly because patients did not have radiographs at standard time intervals. Some patients near maturity who had a leg-length discrepancy had no radiographs until several years later ( Figure 1 ).
Statistics
Univariate summaries of patient demographics, diagnosis, location of epiphysiodesis, associated procedure, pre-and postoperative differences in leg-length height, iliac crest height, and femoral head height were calculated using standard descriptive statistics, including means, standard deviations, and histograms for continuous variables and frequencies for categorical variables. One-way analysis of variance was used to test the equality of the means in pre-and postoperative differences in leg-length height, iliac crest height, and femoral head height across the 3 groups. In addition, the authors applied a paired samples t test to compare the mean preoperative difference with the mean postoperative difference in leg-length height, iliac crest height, and femoral head height. A t-statistics using an alpha of 0.05 with 2 tails is considered as having significant differences in means among the comparison groups.
Surgical Technique
Patients underwent a standard approach to the either the medial or lateral side of the distal femur, proximal tibia, or both. The periosteum was left undisturbed. A Keith needle was used to identify the central part of the growth plate with the help of fluoroscopy. The 2-hole Orthofix 8-plate (Orthofix, Inc, Lewisville, Texas) was then placed over the Keith needle through the 8-plate's central hole. Guidewires were placed through the screw holes in the 8-plate. Another fluoroscopic image was then used to verify that the screws were outside the physis and slightly divergent. The cannulated drill and drill guide were then placed over the guidewire, and the holes were drilled. The appropriate size screw was then placed over the guidewire. The guidewires were removed, and the screws were further tightened. A final fluoroscopic examination was performed to ensure that placement did not involve the physis and that the plate was centered anterior to posterior on the lateral view. The wound was then closed in layers.
results
Average starting leg-length discrepancies as measured on standing long-leg radiographs for the iliac crest height, femoral head height, and leg-length height were 22, 19, and 17 mm, respectively. Average discrepancies at screw removal or maturity were 13, 11, and 10 mm, respectively (P<.01 for all 3) (Table 2, Figure 2) . In many patients, the goal was not to equalize the leg lengths but rather to decrease the discrepancy to a more manageable one that could be treated with a shoe lift. Some patients had neurologic disorders in which the limb was purposefully left short to facilitate foot clearance.
The authors also categorized the change in leg-length discrepancy by epiphysiodesis site. Average change in leglength discrepancy measuring the leglength height when both the femur and tibia were tethered was 10.5 mm. Average change in leg-length discrepancy was 9.8 mm when the femur was tethered and 20.4 mm when the tibia was tethered. The results from the other 2 measurement methods are shown in Table 3 .
Thirty-three of 34 patients had a mechanical axis in medial or lateral zone 1. One patient had a mechanical axis zone change greater than 1 zone that did not require treatment. One patient developed clinical genu varum requiring treatment with hemiepiphysiodesis; however, that leg was in medial zone 1 at the end of guided growth and was treated with hemiepiphysiodesis, not osteotomy. One patient developed cellulitis after plate removal and required antibiotics. One patient developed clinical genu varum that required treatment, although he was in mechanical zone 1 at the end of guided growth. Fifteen of 34 patients had less than 5 mm of change in leg-length discrepancy when measuring the leg-length height, 11 of 33 patients had less than 5 mm of change when measuring 1A 1B 1C Figure 1 : Standing long-leg anteroposterior radiographs of an 11-year-old girl with clubfoot showing an initial leg-length discrepancy of 2.2 cm (A), the leg-length discrepancy improving with guided growth, with the femoral head height closer to level, (B), and a 0.4-cm leg-length discrepancy after plate removal when the patient reached skeletal maturity (C). the iliac crest height (1 patient could not be measured from the top of the pelvis because the radiograph did not include it), and 10 of 34 patients had less than 5 mm of change when measuring the femoral head height. Seven of 10 patients who underwent tibial epiphysiodesis had a leg-length discrepancy change of less than 5 mm. 
discussion
Numerous techniques are available for leg-length equalization in growing children. Phemister 1 reported rotating a bone block at the physis to create a physeal bridge. He reported several cases of leg-length discrepancy improvement and solid fusions in 20 patients. However, he did not report the final outcome of their leg lengths. Blount and Clark 3 reported stapling as a treatment for leg-length discrepancy; however, numerous authors have reported staple breakage, backing out, and angular deformity. [10] [11] [12] In addition, staples can be difficult to remove, and the technique usually involves using 3 staples, which requires wide exposure of the growth plate.
Percutaneous epiphysiodesis has been efficacious in numerous reports. 4, 5, 13 However, failure of epiphysiodesis with a resultant angular deformity has been reported by numerous authors. 4, 5, 13, 14 Inan et al 5 reported 3 patients who had failure of epiphysiodesis, with 1 patient developing tibial valgus. When this occurs, osteotomy is the only treatment. Also, percutaneous epiphysiodesis is irreversible, so the timing of epiphysiodesis is important. In addition, the variability of estimation of bone age is 61 year, 15 which can cause clinicians to be off by 2 cm or more.
Metaizeau et al 6 popularized percutaneous epiphysiodesis with transphyseal screws in 1998 by reporting a low complication rate. They reported that femoral growth is not stopped by this technique but merely retarded to a growth rate of approximately 45%. They reported an average preoperative leg-length discrepancy of 2.5 cm, which decreased to 0.5 cm, with 82% having a final discrepancy of less than 1 cm. 6 Khoury et al 16 reported the same topic and had an average ending leg-length discrepancy of 12.4 mm and an average leg-length discrepancy change of 11 mm. They did not report how they measured the leg-length discrepancy. They also reported a case of tibia recurvatum. 16 Ilharreborde et al 7 reported an 18% revision rate in 45 patients, mostly for valgus deformity, with 88% of the revisions involving the tibia.
To the current authors' knowledge, this is the first report of guided growth for patients with a leg-length discrepancy. The senior author began performing guided growth for epiphysiodesis in 2004 because he had several cases of screw breakage or difficulty removing the screw when using the percutaneous screw technique. Screws can be covered in bone or pushed past the cortex, making them difficult to remove.
Several issues have arisen when using this technique. First, surgeons must intervene earlier than they would when using a physeal closing technique because this technique slows growth but does not halt it. The current authors were unable to calculate growth retardation because patients did not have radiographs at standard time intervals. A future prospective study will elucidate the growth retardation rate, but it is likely similar to the percutaneous epiphysiodesis technique using transphyseal screws. Determining the growth retardation rate will allow surgeons to better calculate when to intervene. The current authors recommend adding 1 year to the timing of a standard physeal closing epiphysiodesis. Because this technique is reversible, the plates can be removed at any time once the desired leglength discrepancy is achieved. Second, intervention at the tibia was less effective in changing the leg-length discrepancy. Several patients who underwent guided growth of the tibia had minimal leglength discrepancy change because they were near the end of growth and they had abnormal short-extremity growth (postaxial hypoplasia), making it difficult for the slow-growing extremity to grow faster than the extremity with growth retardation. However, several patients who underwent tibial epiphysiodesis when they had adequate tibial growth remaining had a large change in leg-length discrepancy. Third, a similar delay likely occurs until the plate begins to retard growth, as is seen with the percutaneous epiphysiodesis technique using transphyseal screws. Metaizeau et al 6 reported growth retardation in 47% of patients over the first 6 months vs 62% in between 6 and 18 months.
The authors were unable to calculate the delay with their current data but will calculate it in a prospective study with radiographs at standardized time intervals. The senior author now places the screws in a divergent manner to decrease the delay (Figure 3) . Fourth, when performing epiphysiodesis of the proximal lateral tibia, ensure that the plate seats to the bone because 3-point bending will occur on the screw if the plate remains off the bone, which can potentially result in screw breakage.
conclusion
Guided growth for the treatment of a moderate leg-length discrepancy is a safe and efficacious technique with minimal complications. The advantages of this technique are that it is reversible, the plate and screws are easy to remove, and little chance exists that the screw will be pushed into the bone cortex. The disadvantages are that it is expensive compared with a single screw and a slightly larger incision is needed. Surgeons should start earlier with this technique, adding at least 1 year to the calculation for a technique that causes physeal closure. In addition, epiphysiodesis of the femur is preferred to the tibia because it is more predictable.
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